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FOREWORD 
This  r e p o r t  has been prepared according t o  t h e  pro- 
v i s i o n s  of Contract NSR-10-005-047, Nat ional  Aeronautics and 
Space Adminis t ra t ion,  wi th  t h e  Univers i ty  of F l o r i d a  and covers 
work performed dur ing  t h e  pe r iod  1 December 1968 through 28 
February 1969 .  
Personnel engaged i n  t h i s  work were D r .  Henry C .  Brown, 
P r i n c i p a l  I n v e s t i g a t o r ,  and D r .  A .  R. Mukherjee. 
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T. INTRODUCTION 
The o b j e c t i v e  of this r e s e a r c h  €s t h e  synthesis of 
e las tomer ic  polymers that w i l l  be r e s i s t a n t  t o  the s t r o n g  
ox id iz ing  e f f e c t  of f l u o r i n e ,  oxygen d i f l u o r i d e ,  n i t rogen  . 
t e t r o x i d e  and similar agents .  I n  a d d i t i o n ,  the material 
should be f l e x i b l e  at cryogenic temperatures .  
During t h e  present  q u a r t e r ,  a t tempts  have been 
made t o  synthes ize  t r i f l uo romethy l  hydroxamic a c i d  and the 
corresponding i socyanate .  T h i s  hydroxamic a c i d  being r a t h e r  
uns t ab le ,  a t tempts  were made t o  s t a b i l i z e  it i n  the form of 
its copper s a l t .  The r e a c t i o n  between t r i f l uo romethy l  isocy- 
ana te  and ammonia w a s  a l s o  s tud ied  further.  
It was found that while s y n t h e s i s  of hydroxamic 
ac ids  from t h e  e t h y l  e s t e r s  of p e r f l u o r o g l u t a r i c  and perf luoro-  
sebac ic  a c i d  was rather smooth, t h e i r  conversion t o  t h e  cor res -  
ponding d i i socyana te s  was q u i t e  d i f f i c u l t .  Both t h e  hydroxamic 
a c i d s  were produced i n  good y i e l d  and t h e y  are s t a b l e ,  high 
melt ing s o l i d s .  L i t t l e  o r  no isocyanate  r e s u l t e d  on hea t ing  
pe r f luo rog lu ta ro  hydroxamic ac id  w i t h  phosphorous pentoxide o r  
polyphosphoric ac id .  In  t h e  case of perfluorosebaco hydroxamic 
a c i d ,  the  y i e l d  was a mixture of isocyanate  and ac id  o r  anhy- 
d-ride which could not  s o  fa r  be completely separated. 
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11. DISCUSSION 
A. 1. Trif luoromethyl  hydroxamic a c i d ,  i t s  p repa ra t ion  
and p u r i f i c a t i o n .  
Trif luoromethyl  hydroxamic a c i d  i s  formed i n  good y i e l d  
( 8 0 - 9 0 % )  from t h e  corresponding m e t h y l  es ter  and hydroxylamine, 
fol lowing t h e  s tandard  procedure.  But among a l l  the  pe r f luo ro  
monohydroxamic a c i d s ,  it i s  t h e  most hygroscopic i n  ( t ransforms 
t o  a l i q u i d  on keeping i n  a i r )  n a t u r e .  It can almost complete- 
l y  be sublimed under.vacuum at o r  above 50' , g iv ing  s h i n i n g  
white d r y s t a l s  as subl imate .  The c r y s t a l s  m e l t  a t  82-84' w i t h  
some s o f t e n i n g  from 7 0 " .  The d i f f e r e n c e  f r o m  t h e  o t h e r  mono 
hydroxamic a c i d s  i s  pronounced i n  e lemental  a n a l y s i s  and in- 
f r a r e d  s p e c t r a ;  t h e  elemental  a n a l y s i s  of CF+ hydroxamic a c i d  
shows a lower carbon and f l u o r i n e  content  and a h igher  hydrogen 
and n i t rogen  conten t ,  which can only b e  explained i n  terms o f  
t h e  presence of some f r e e  hydroxylamine i n  the  sys t en  (elemen- 
t a l  a n a l y s i s  of  o t h e r  hydroxamic ac ids  are q u i t e  c lose  t o  the-  
o r y ) .  Prepara t ion  of t h e  hydroxamic a c i d  from f r e s h l y  d i s -  
t i l l e d  e s t e r  o r  r e a c t i o n  of the  sublimed hydroxamic a c i d  w i t h  
excess  of  f r e s h l y  d i s t i l l e d  e s t e r  and subsequent p u r i f i c a t i o n  
by subl imat ion,  e t c . ,  d i d  not improve the  a n a l y s i s  r e s u l t .  On 
a d d i t i o n  of hydrochlor ic  a c i d  t o  the hydroxamic a c i d ,  some 
hydroxylamine hydrochlor ide separa ted  (m.p.151-153'C) as white  
c r y s t a l s .  The inf ra - red  s p e c t r a  of the t r i f l u o r o m e t h y l  hydrox- 
amic a c i d  showed some d i f f e r e n c e s  from t h e  other. hydroxamic 
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a c i d s ,  peaks be ing  found a t  3-411 (somewhat b road) ,  5.811, 6 .oP ,  
6.2p, 6.4511, 6.711, e t c .  Thus it might be  concluded t h a t  tri- 
fluoromethyl hydroxamic a c i d  i s  rather uns t ab le  i n  na tu re .  
2. S t a b i l i z a t i o n  of  t r i f l u o r o m e t h y l  hydroxamic a c i d  
by Cu salt  formation. 
On a d d i t i o n  o f  an aqueous s o l u t i o n  of copper a c e t a t e  
t o  an aqueous s o l u t i o n  of t r i f l u o r o m e t h y l  hydroxamic a c i d ,  a 
dark green,  ge l a t inous  copper s a l t  s e p a r a t e s  and slowly set- 
tles overnight .  On f i l t r a t i o n ,  washing and drying,  it gives  
dark green s o l i d  which i s  in so lub le  i n  organic  so lven t s  but 
quickly decomposes i n  a c e t i c  a c i d  o r  ammonium hydroxide.  It 
most probably decomposes at  about 2 4 5 O ,  as i n d i c a t e d  by blow- 
i n g  out of t h e  material f r o m  the melt ing po in t  tube.  It i s  
very stable and nonhydroscopic; f u r t h e r  p u r i f i c a t i o n  i s  d i f f i -  
c u l t  as it i s  i n s o l u b l e  and cannot be sublimed. The i n f r a r e d  
s p e c t r a  shows peaks a t  2.6-3.511 (weak, broad - O H ? ) ( s m a l l  hump, 
c = o ) ? )  5.911, 6.311 (Strong, C = N ) ,  6.9511 ( s t rong  CF3),  8-911 
(broad, C-F) ,10 .45~,  10.811, 13.211, e t c .  
. .  . .  
The elemental  a n a l y s i s  i s  q u i t e  c lose  t o  theo ry ,  but  
does show a high value f o r  carbon, low n i t r o g e n  and a t r a c e  of 
hydrogen. Most probably the sample con ta ins  a l i t t l e  copper 
a c e t a t e  Cu (CH3C00)2, H 2 d  , entrapped by  eo -p rec ip i t a t ion ,  c 
which cannot be removed b y  washing. T h i s  has been f u r t h e r  con- 
firmed b y  t r a c i n g  t h e  i n f r a r e d  s p e c t r a  of a mixture of C U ( A C ) ~ ,  
H,O and the  sample; t he  p a t t e r n  of  the  s p e c t r a  remained 
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unchanged. The s t r u c t u r e  of t h e  sal t  i s  evide.ntly 
3 .  Prepara t ion  of  t r i f l uo romethy l  isocyanate  from , t h e  
corresponding hydroxamic ac id .  
Prepara t ions  of monoisocyanates from corresponding 
I .  - -  i . .  
per f luo roa lky l  hydroxamic a c i d s ,  by h e a t i n g  them wi th  P,O,, have 
one problem i n  common - 2.e.  t h i s  r e a c t i o n  might ge t  v i o l e n t  
and go out  of c o n t r o l .  
a c i d s ,  t h e  problem could be avoided by  inc reas ing  the r e a c t i o n  
I n  t h e  cases  of C2F, and C3F, hydroxamic 
tempEtrature very slowly, thereby  prevent ing  any excessive hea t  
genera t ion .  I n  case of CF3 hydroxamic a c i d ,  however, t h i s  d i d  
not  work; and, once the r e a c t i o n  starts, it proceeds w i t h  ex- 
ces s ive  heat genera t ion  and much o f  t h e  product escapes.  The 
problem was solved b y  mixing an i n e r t  m a t e r i a l  such as sand 
w i t h  the  r e a c t i o n  mixture,  which could t ake  up most of t h e  
hea t  generated i n  the  s y s t e m  and t h u s  the  r e a c t i o n  proceeded 
smoothly. The r e a c t i o n  products  condensed - i n  t h e  t r a p  and, 
coming out under vacuum at  room temperature ,  were i d e n t i f i e d  
as C02, CF3NCO and (CF3C022, r e s p e c t i v e l y .  Conplete separa- 
t i o n  of  C 0 2  from C F 3 N C O  posed a problem due t o  c lose  b o i l i n g  
p o i n t s  and some of CF,NCO was lost i n  t he  process .  The anhy- 
d r i d e  was most probably formed from t h e  a c i d ,  generated by  
decomposition of hydroxamic ac id .  The formation of  CO, can b e s t  
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be .expla ined  by r e a c t i o n  between the  anhydride and t h e  isocya- 
Ann, Chem. Phys.  ,42(3) ,  5 4 ( 1 8 5 4 d  
n a t e ,  as r epor t ed  by  Wurtz as e a r l y  as 1854 A. Wurtz, 
CF,N=C=O + CF3-N - 
CF3CO 
\ 
I 
c = o  
OCOR 
I 
I n c i d e n t a l l y  it may be mentioned t h a t  CO, was one o f  t h e  reac- 
t i o n  products  i n  t h e  p repa ra t ion  of C2F5 and C3F7 i socyanates  
a l s o .  The o t h e r  r e a c t i o n  product must be h igher  b o i l i n g  and 
might be i n  t h e  r e s idue  l e f t  a f t e r  d i s t i l l i n g  out i socyanates .  
4, Reaction of t r i f l uo romethy l  isocyanate  w i t h  ammonia. 
The r e a c t i o n  product o f  pure CF3NC0 and excess  NH, i n  
e t h e r  i s  a w h i t e  s o l i d ,  almost i n so lub le  i n  e t h e r ,  acetone,  
t e t r ahydro fu ran ,  e t c . ,  but  p a r t i a l l y  s o l u b l e '  i n  water o r  meth- 
anol  and completely so lub le  i n  c a u s t i c  soda s o l u t i o n  (as re -  
por ted  e a r l i e r ) .  The r e a c t i o n  takes p l ace  w i t h  almost 50% in-  
c rease  i n  weight,  thereby i n d i c a t i n g  a d d i t i o n  of  a t  least  3 
mols of NH, t o  1 mole of isocyanate .  P a r t  of t h i s  NH3 i s  
f i x e d  as NH4F,  as i n d i c a t e d  by presence of  f r e e  E'- i n  the  
system. The F' can, however, be removed from t h e  system by 
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a d d i t i o n  of  Pb(NO,), t o  water s o l u b l e  p o r t i o n  of the product ,  
when PbF, s e p a r a t e s  ( d i l .  a c e t i c  a c i d  medium). Fu r the r  separa- 
t i o n  of i n g r e d i e n t s  has no t  ye t  been p o s s i b l e .  
B. 1, Prepara t ion  o f  perf luorosebaco hydroxamic a c i d .  
Like the  p e r f l u o r o g l u t a r o  hydroxamic ac id ,  per f luoro-  
sebaco hydroxamic a c i d  a l s o  has been prepared i n  good y i e l d  
from the  corresponding e t h y l  e s t e r ,  fo l lowing  the s tandard  pro- 
cedure.  The crude hydroxamic a c i d  con ta ins  some N a C l  and sep- 
a r a t i o n  can be made by us ing  acetone as so lven t  f o r  the acid.  
L i k e  t h e  p e r f l u o r o g l u t a r o  hydroxamic a c i d ,  it does not  crys- 
t a l l i z e  out  from s o l u t i o n  nor does it sublime, even a t  130°C 
under vacuum, and t h i s  f u r t h e r  p u r i f i c a t i o n  i s  not  p o s s i b l e .  
The hydroxamic a c i d  produced, however, has a n a l y s i s  r e s u l t s  
q u i t e  c lose  t o  theory ,  (m.p. 193-195OC) and shows i n f r a r e d  
peaks at  3 . 0 5 ~ ( d o u b l e t ,  -NH, -OH) 3.4531 (hump), 5.9; ( s t rong ,  
C=O), weak absorp t ion  a t  6.511 and 7.111, C-F absorp t ion  peaks 
at  8.2511, 8.611, 8.7511, e t c .  A sample heated a t  155OC under 
3.1511 
vacuum gave some s t i c k y  subl imate ,  but  i n f r a r e d  a n a l y s i s  showed 
some ‘degradat ion.  
2. Attempted s y n t h e s i s  of  p e r f l u o r o a l k y l  d i i socyana te s .  
’ Attempted s y n t h e s i s  of  pe r f luo rog lu ta ro  d i i socya-  
n a t e  by h e a t i n g  t h e  hydroxamic a c i d  w i t h  P 2 0 5  r e s u l t e d  i n  some 
h igh  b o i l i n g  l i q u i d  c o l l e c t e d  under p a r t i a l  vacuum. The l i q u i d  
product might con ta in  some i socyanate  as i n d i c a t e d  by i n f r a r e d  
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spec t r a .  The y i e l d  was low and c y c l i z a t i o n  was expected a t  
h igher  temperature.  Better r e s u l t  can be expected, i f  the 
experiment  i s  c a r r i e d  out  under high vacuum w i t h  a lower 
rea ,c t ion temperature .  Another a t tempt  was made w i t h  poly- 
phosphoric a c i d  as t h e  dehydrat ing agent ,  but only some l i q -  
u i d  product came out a t  h igh  temperature under vacuum, which 
became s o l i d  and semi-solid a t  room temperature;  t h i s  was 
apparent ly  unreacted hydroxamic a c i d  and p r o b a b l y  some phos- 
phoric  ac id .  More favorable  r e a c t i o n  cond i t ions  f o r  t h i s  
synt  he s i s  has not  ye t  been found . 
For syn thes i z ing  (CF, )8 (NCO), f r o m  the corresponding 
hydroxamic ac id ,  t he  hydroxamic a c i d  was hea ted  i n  the presence 
of P205 under vacuum and some l i q u i d  product w a s  c o l l e c t e d  i n  
the t r a p ;  the f i n a l  product was mostly c o l o r l e s s  l i q u i d  and 
some s o l i d  a t  room temperature.  The l i q u i d  was decanted and 
d i s t i l l e d  q u i t e  a number of t imes  under N, atmosphere M i t h  d i f -  
f e r en t  t ypes  of d i s t i l l a t i o n  arrangements;  however, t h e  b o i l -  
i n g  po in t  gradual ly  increased  (145-195O) w i t h  c o l l e c t i o n  of 
d i s t i l l a t e .  The d i s t i l l a t e  showed i n f r a r e d '  peaks a t  4.411 
(strong'-NCO) - two peaks of v a r i a b l e  i n t e n s i t y  a t  5.311 and 
5.55,., ( ac id  o r  anhydride) ,  6.811 ( s t r o n g  - NCO), 8-~IJ (C-F), 
etc. Even d i s t i l l a t i o n  i n  a spinning band column gave the  
same r e s u l t .  The d i s t i l l a t e  was c o l o r l e s s  hygroscopic l i q u i d ;  
e lemental  a n a l y s i s  showed carbon' and hydrogen content  c l o s e  t o  
t heo ry  but very high n i t rogen  content .  The f r a c t i o n  c o l l e c t e d  
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a t  190-195' o r  a t  38-3g0/1-1.5mm d i d  not  show any I.R. peak at  
5.3 but t h e  d i s t i l l a t e  w a s  cloudy and some white s o l i d  sepa- 
rated o u t .  Perhaps t h e  s o l i d  sublimed under those  condi t ions .  
T h i s  experiment i s  t o  be  repeated. 
8 
111. EXPERIMENTAL 
A.  1. Prepa ra t ion  of t r i f l u o r o m e t h y l  hydroxamic a c i d .  
Method of  p r e p a r a t i o n  and p u r i f i c a t i o n  was same as 
t h a t  desc r ibed  i n  Annual I n t e r i m  Report ,  1968,  p 35-36. 
Yield: go-go% 
Analysis  
Theory 
A-53 
Found. 
A-53 CR 1 
1.5 %H 2.59 2 .14  
10.9 %N 13.9 
44.2 %F 39.9 
14.30 
- 
* A-53 Sample prepared w i t h  l ong  s t o r e d  e s t e r .  
A-53(R) Sample prepared wi th  f r e s h l y  d i s t i l l e d  e s t e r :  
Five grams o f  doubly sublimed CF,CONHOH CA-53R) was 
d i s so lved  i n  1 0  ml CH,OH and about 2-3 ml of f r e s h l y  d i s t i l l e d  
CF,COOCH, was added t o  it dropwise w i t h  s t i r r i n g .  
duct  l e f t  a f t e r  vacuum dry ing  was h igh ly  hygroscopic and showed 
t h e  same type  o f  i n f r a r e d  abso rp t ion  s p e c t r a  and o t h e r  p h y s i c a l  
The pro- 
. .  
p r o p e r t i e s  as the  o r i g i n a l  product .  
- 2. P repa ra t ion  of  t h e  copper s a l t  of  t r i f l u o r o m e t h y l  
hydroxamic a c i d  
About 5 g of  CF,CONHOH-(sublimed) was d i s so lved  i n  20 
ml water. About 2 g of Cu(CH3COO),,H,0 was d i s so lved  i n  50 m l  
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of hot  water and the s o l u t i o n  w a s  slowly added t o  the  hydrox- 
amic ac id .  
s e t t l ed  overn ight .  It was f i l t e r e d  i n  a Gooch c ruc ib l e  and 
An almost ge l a t inous  dark  green’ p r e c i p i t a t e  slowly 
washed repea ted ly  with water, acetone,  m e t h y l  a lcohol  and 
e t h e r ,  then  d r i e d  under vacuum a t  l o o o .  The sample w a s  a dark,  
nonhygroscopic s o l i d ,  w i t h  decomposition po in t  a t  about 245OC. 
It i s  in so lub le  i n  any common so lvent  (sample A 279). A p a r t  
of t h i s  sample w a s  f i n e l y  powdered and r e p e a t e d l y  washed w i t h  
b o i l i n g  water and d r i e d  under vacuum a t  12OOC (Sample A 279R). 
The a n a l y s i s  r e s u l t  and I.R. s p e c t r a  of both t h e  samples ind i -  
ca ted  t h e  s t r u c t u r e  as 
Cu w i t h  a l i t t l e  Cu(CH,COO),,H,O t rapped i n  it CF 3-C /O\  
\ /  
N-0 
probably as co -p rec ip i t a t e .  
Analysis Resul t  
Theory 
12.60 %C 
0 %H 
7 :35 %N 
Found. 
A-279 .Ad79R 
12.94 12.8 
0.36 0.37 
6.45 6.56 
3 .  Prepara t ion  of t r i f luororne thyl  i socyanate .  
Sublimed CF,CONHOH (50 g ) ,  P205( f r e sh ,  about 250 g )  
and sand (d r i ed  a t  about 220° and cooled under N, f , l o ~ ,  about 
10 
1 kilogm.) were i n t i m a t e l y  mixed i n  a 28  f l a s k .  
a t t a c h e d  t o  two dry- ice  acetone-cooled t r a p s  and guard t u b e s  
f o r  moisture  and CO, and heated slowly. No product came out  
u n t i l  the pot temperature  reached about 200OC; and the  product 
t hen  slowly evolved over  4 8  h r s .  as pot  temperature  was slowly 
inc reased .  Product cons i s t ed  of  some CO,, about 20  gms. of 
CF,NCO and about 10  gms. o f  r e s i d u a l  l i q u i d  having some 
(CF,CO),O i n  i t .  
The f l a s k  was 
B. 1. Prepara t ion  o f  e t h y l  pe r f luo rosebaca te  
Eighty-two grams (0.2 m )  of crude (CF2)8CCOOH)2 was 
mixed with 300 m l  benzene, 80 m l  abso lu t e  e t h y l  a l coho l  and 
0.8 m l  of conc.H2S04 i n  a 2& 
and r e f l u x  condenser w i th  Dr ie r i te  guard tube .  T h e  mixture 
f lask  con ta in ing  a s t i r r i n g  bar 
was r e f luxed  f o r  2 4  h r s .  The azeotrope (b.p. 6 5 O C  and up) was 
taken out  by us ing  a d i s t i l l a t i o n  head. After  230 m l  of d i s -  
t i l l a t e  was c o l l e c t e d  and no f u r t h e r  water was be ing  formed, 
an a d d i t i o n a l  250 m 1  benzene and 80 m l  abso lu t e  a l coho l  w a s  
added. The same procedure was r epea ted ,  t h e n  the las t  p o r t i o n s  
o f  s o l v e n t s  were taken  out  under vacuum. The e s t e r  (CF,),(COOC, 
. .  . .  
H,),, d i s t i l l e d  a t  125-127O/2-3 mm, y i e l d  79 gms. of  c o l o r l e s s  
l i q u i d  ( 8 6 % ) .  Some t a r - l i k e  b lack  material  w a s  l e f t  i n  the 
pot .  
2.  Prepara t ion  o f  (CF, (CONHOH) , 
The method w a s  t h e  same as d e s c r i b e e  i n  the Annual 
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In t e r im  Report ,  1968 (p 36) .  
Ing red ien t s  used: 
(cF,),(cooc,H,), ................ 0 .1  m. 54.6 g 
NH,OHa H C 1  .................... 0 .2  m. 1 4  g 
CH,ONa ......................... 0.2  m, 1 0 . 8  g 
CH,OH . . . . . . . . . . . . . . . . . . . . . . . . . . . 5  00 M1 (Approx). 
N a C I  separa ted  ... 7.5 g (Theor. 11.6 g ) .  The crude pro- 
duc t ,  a white ,  nonhygroscopic s o l i d ,  about 55 g,  con ta ins  
some sodium ch lo r ide .  It i s  almost i n so lub le  i n  water,  e t h e r  
and e t h y l a c e t a t e ;  i t  i s  moderately so lub le  i n  t e t r ahydro fu ran  
and m o s t l y  so luble  i n  acetone. Ex t r ac t ion  with te t rahydro-  
fu ran  seems t o  be t h e  b e s t  method o f  p u r i f i c a t i o n ,  N a C 1  being 
completely in so lub le  i n  t h a t  so lvent .  The sample d i d  n e i t h e r  
sublime a t  high temperature under vacuum nor c r y s t a l l i z e  out 
from so lven t s  (Sample A 2 7 8 ) .  
Resul t  o f  a n a l y s i s  (Sample A 278) .  
. .  
Theory o r  Range Found 
23.0 %C 22.77 
0.8 
5.4 
%H 
%N 
00 97 
5.16 
3. Attempted p repa ra t ion  .of (CF2)8CNC0)2 
T h i r t y  gram of (CF,)8(CONHOH)2was i n t i m a t e l y  mixed 
with about 150  g o f  P205 i n  a 500 m l  f l a s k ;  t h e  f lask  was 
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connected t o  two dry-ice-cooled t r a p s  and guard tubes  and 
hea ted .  No product was evolved up t o  about 220O. Vacuum was 
app l i ed  and l i q u i d  product began t o  c o l l e c t  i n  first t r a p  . 
kept  at  room temperature .  A s  .po t  temperature  was increased, 
some of t h e  product coming o u t  s o l i d i f i e d  at room tempera- 
t u r e .  F i n a l l y  about 8-10 ml l i q u i d  c o l l e c t e d  i n  f i rs t  t r a p ,  
a long wi th  some s o l i d .  The l i q u i d  was taken  out and d i s t i l l e d  
under n i t r o g e n  atmosphere, 
Dis t i l l a te :  B.P. 1 4 6 - 1 8 5 O C ,  c l e a r  c o l o r l e s s  l i q u i d .  
B.P.  185-195OC, cloudy l i q u i d  due t o  some 
suspended s o l i d  i n  i t .  
D i s t i l l a t i o n  under vacuum, B.P. 38-4OoC 1-1.5 mm, cloudy l i q -  
u i d  d i s t i l l a t e .  
I.R. s p e c t r a :  shows presence o f  some a c i d  o r  anhydride i n  the  
i socyanate .  
Analysis Resul t  (Sample A-280, c l e a r  d i s t i l l a t e ) .  
Found. 
In  Duplicate  
Theory -
24.8 %C 23.86, 23.59 
0 %H 0.17, 0.19 
5.8 %N ‘ 9 J 6 ,  9 .40  
